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RESEARCH MEMORANDUM 


STATIC-PRESSURE ERROR CALIBRATIONS FOR NOSE-BOOM AIRSPEED 

INSTALLATIONS OF 17 AIRPLANES 

By Terry J. Larson, Wendell H. Stillwell, 
and Katharine H. Armistead 


SUMMARY 


A flight Investigation was conducted to determine the static-pressure 
errors for nose-boom airspeed installations of 17 airplanes. The inves- 
tigation covered both research-type and service-type aircraft. 

The magnitude of static-pressure errors for the airspeed installa- 
tions of all the airplanes is shown to vary with airplane geometric 
characteristics which include nose-bocm length, fuselage diameter, and 
nose fineness ratio. The static-pressure errors for airspeed installa- 
tions of airplanes with neither extremely blunt nor extremely pointed 
nose shapes correlate well with the ratio of nose-bocm length to effec- 
tive max imum fuselage diameter. The magnitudes of static-preBsure errors 
vary inversely with this ratio and increase considerably as this ratio 
decreases below about 1.0. 


INTRODUCTION 


An important phase of the flight-test programs of high-speed aircraft 
is the determination of the errors involved in the measurement of Mach 
number. The principal error in determining Mach number, especially at 
transonic speeds, is the error in the measurement of static pressure 
because of the pressure field around ah aircraft. This error varies for 
different aircraft configurations and different locations of the static- 
pressure orifices within the pressure field of a given aircraft. 

Although several methods for determining static-pressure errors have 
been developed and the calibrations for many airplanes have been reported, 
little information is available on methods for predicting the magnitude 
of static-pressure error. Since almost all test airplanes and most high- 
speed military airplanes employ nose-boom pitot-static tubes, it appeared 
desirable to compare the calibrations of many airplanes having nose-bocm 
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pitot-static tubes to determine whether static-pressure errors can be 
predicted for similar installations. It was also of interest to deter- 
mine if the methods of reference 1, for predicting errors ahead of the 
fuselage nose of two particular bodies of revolution, are applicable to 
typical high-speed airplane configurations.; 

As a routine part of the respective flight research programs, static 1 
pressure error calibrations have been made by the NACA High-Speed Flight 
Station at Edwards, Calif., for 17 aircraft with nose-boom airspeed 
installations. These calibrations, of which 15 have not been reported 
previously, are compared to show the effect of Mach number at low angleB 
of attack on static -pres sure errors. They are also compared with the 
methods developed in reference 1 for predicting static-pressure errors. 
Calibration data of references 2 and 3 are included for completeness 
and for comparative purposes. 

The methods presented should provide a useful means for predicting 
the position errors of similar airspeed installations. 


SYMBOLS 


D effective maximum fuselage diameter, ft 

d effective inlet-duct diameter, ft 

♦ 

l effective length, ft 

M true Mach number 

M' recorded Mach number 

Mach number error (M - M ' ) 
p true static pressure, lb/sq ft 

p' recorded static pressure, lb/sq ft 

Ap static pressure error (p 1 - p), lb/sq ft 

qc true impact pressure, lb/sq ft 

q c ' recorded impact pressure, lb/sq ft 

x distance from nose of airplane to static-pressure orifices, ■ ft 

a angle of attack, deg : 
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INSTRUMENTATION 


The three types of pitot-static tubes employed with the test air- 
planes are presented in figure 1 which shows the shape of the total- 
pressure tubes and the location of the static-pressure orifices. 

Type (a) is the standard Kollsman high-speed tube which was used with 
four of the test airplanes. IJype (b), used on three airplanes, differs 
most from the other two in static-pressure arrangement, having 18 ori-. 
fices equally spaced around the tube. Type (c) is the standard NACA 
high-speed pitot-static tube and has been used with 10 of the test air- 
planes. The static-pressure orifice configurations are similar to 
type (a), but the arrangement has been modified (ref. 4) to increase the 
range of insensitivity of the tube to angle of attack. Hie total-pressure 
tube is a type relatively insensitive to angle of attack (A -6 of refs. 5 
and 6 ). Listed in table I are the types of pitot-static tubes used with 
the test airplanes. 

Sensitive -type NACA pressure recorders were used to record static 
and impact pressures. 


METHODS 


Pour basic methods were used to obtain the static-pressure error 
calibrations: The fly-by method of reference 7* the radar-phototheodolite 

method of reference 8 , the modified radar-phototheodolite method of ref- 
erence 9 } and in one case the pacer method of reference 7 . 

Airplanes A, B, C, D, H, I, and J were calibrated by the fly-by 
method at low Mach numbers and the calibrations were extended to higher 
Mach numbers by the radar-phototheodolite method. Airplanes E, F, G, 

L, M, N, 0, and P were calibrated by the modified radar-phototheodolite 
method. Airplane Q, was calibrated by the pacer method with airplane D 
used for the reference airplane. Airplane K was calibrated as reported 
in reference 5 - 

The conditions under which the airplanes were calibrated varied 
considerably since calibration data were seldom obtained during data runs 
made exclusively for static-pressure error calibration. For example, 
calibration data for airplane P were obtained at altitudes from 5,000 feet 
to 50,000 feet, whereas data for airplane 0 were obtained at altitudes 
from 30,000 feet to 60,000 feet. These airplanes were calibrated by the 
same basic method, but the actual calibration procedures depended largely 
on the respective flight programs. 
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ACCURACIES 


Accuracies of the static-pressure error calibrations vary with 
method, altitude and Mach number, and type of pitot-static tube. The 
fly-by method, used at subsonic speeds, is considered the most accurate 
method. Therefore, data for the airplanes calibrated by this method are 
more accurate than data obtained by either of the other three methods. 

The accuracy of calibration data obtained by the modified radar- 
phototheodolite method shows considerable variations over the altitude 
range, and large differences in accuracies of various calibrations made 
by this method are evidenced. 

The inherent errors of the pitot-static tubes alone must be con- 
sidered. References 4, 10, and 11 have shown that the errors of tubes 
of types (a) and (b) are small. Unpublished wind-tunnel tests of a tube 
similar to type (c) show that the error is also small for a tube of this 
type. Therefore, the effect of the different tubes is believed to be 
small in comparison with the static-pressure errors caused by an airplane, 
and no attempts are made to compare the static-pressure errors of the 
tubes . 

The errors of the pitot-static tubes caused by the effects of angle 
of attack and angle of sideslip depend largely on the orifice arrange- 
ment of the tubes. References 2 to 4 and 10 and 11 have shown that for 
tubes of types (a) and (b) these effects areT small at low angles of 
attack and sideslip. The effects of angle of attack on errors for pitot- 
static tubes of type (c) are shown in figure 2 for airplane N at a Mach 
number of 0.80. It is seen that the error caused by angle-of -attack 
effects is insignificant at angles of attack below about 12°. Since the 
calibration data for all the airplanes were selected for flight condi- 
tions at low angles of attack and sideslip, the errors contained in the 
calibrations from flow angularity effects are considered negligible. 

Although it is difficult to specify the exact accuracy of each 
calibration, the overall accuracy for Mach numbers at low subsonic speeds 
and supersonic speeds is within ±0.010, and for Mach numbers at transonic 
speeds is within ±0.020. 


RESULTS AND DISCUSSION 


Presentation of Static-Pressure Error Calibrations 

Presented in figures 3 to 1 6 are the static-pressure error calibra- 
tions for nose-boom airspeed installations of 17 airplanes. Included 
with each figure is a two-view drawing of the particular test airplane. 
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Calibration data extend from a Mach number of 0.24- for airplane I to a 
Mach number of I .50 for airplane M. For the calibration flights, tests 
on seme airplanes were restricted to a specified Mach number range, 
therefore the data do not necessarily show the performance limits of the 
airplanes. The curves showing ZM and Zp/c^’ as functions of Mach 
number were computed from the faired curves showing the data points for 
M' as a function of M. 

Shown in figure 4- is the calibration frem. reference 2 for airplane B. 
Figure 5 shows the calibration for airplane C, a later version of air- 
plane B having the same configuration but a nose boom of different type 
and length. 

For airplane D the wing sweep angle may be varied from 20° to 59° 
in flight. Although most of the calibration data were obtained with the 
wing in the 59 °-sweep position, no measurable differences were noted in 
the static-pressure errors at other sweep angles. 

Figure 11 shows the calibrations for airspeed installations of 
airplanes X and J. The nose-boom installations are identical; the only 
differences in the airplanes are the larger wing-tip tanks and a slightly 
longer nose for airplane J. The calibrations show good agreement, indi- 
cating that the small differences between the airplanes do not appreciably 
affect the static-pressure errors. 

The calibration for airplane K (fig. 12) has been reported previously 
in reference 3- The symbol points of figure 12 represent the calibration 
for airplane L. These two airplanes, having the shortest booms ( 2.75 ft) 
of the test airplanes, differ only in wing and tail thickness and have 
similar nose-boom installations. The calibrations show excellent 
agreement . 

Airplanes N and 0 have identical configurations except for the Jet 
engine inlets located well back, along the fuselage of airplane N. Since 
airplane 0 is rocket powered, it does not have inlets. The nose-bocan 
installations of the two airplanes are identical. From the good agree- 
ment shown for these calibrations (fig. 14-) and the calibrations for 
airplanes I and J (fig. ll) and K and L (fig. 12), it appears the same 
calibrations can be applied to similar airplanes with identical nose-boom 
airspeed installations. 

Airplane Q (fig- l6) is a large bomber-type with the longest nose 
boom ( 10.17 ft) of the test airplanes. 


Comparison of Static-Pressure Error Calibrations 


A comparison of the ZM curves of figures 3 to 1 6 shows that the 
general shapes of these curves are fairly consistent; at subsonic speeds 
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"the Mach, number errors increase linearly, at transonic speeds the errors 
increase rapidly, and at low supersonic speeds the errors drop to zero 
or near zero. Although the static-pressure error is expected to be zero 
after the bow shock wave passes the static-pressure orifices, a small 
error is shown for same airplanes. The maximum Mach number error varies 
from 0.05 at a Mach number of 1.015 for airplane P to 0.14 at a Mach 
number of 1.060 for airplanes K and L. 

Method using x/P .- Shown in table I are nose-boom and airplane 
dimensions and the ratio x/D for the teBt airplanes. The nose-bocm 
length ,x was determined as the distance from the nose of the airplane 
to the static -pres sure orifices. For the pointed -nose airplanes the 
measurement is made from the projected end: of the nose without the nose 
boom installed. The effective maximum fuselage diameter is defined as 
the diameter of a circle having the same area as the maximum fuselage 
cross section including the area of any duct. 

Presented in figure 17 is the variation of Mach number errors with 
x/D for the various airplanes.. Good correlation is shown in the Mach 
number range of 0.60 to 0.80 for all the airplanes except airplane P. 

The agreement is not as good in the Mach number range from 0.90 to 1.02, 
with the poorest correlation shown by airplanes D and P. It is of inter- 
est to note that airplanes D and P represent extremes of the nose con- 
figurations, having the most blunt and most pointed nose shapes, respec- 
tively. Although the agreement is not exact for all airplanes, it appears 
that reasonable correlation of static-pressure errors throughout the Mach 
number range is obtained. These data show that static-pressure errors 
vary inversely with the ratio of the nose-boom length to the effective 
maximum fuselage diameter. It is seen that this ratio becomes more 
critical in affecting static-pressure errc?rs for x/D values less than 
about 1 . 0 . 


Method using ( l/P ) 2 and x/Z . - Another method for relating static- 
pressure errors is presented in reference 1. This method, which takes 
into account the fineness ratio of the fuselage, might be expected to 
e limi nate the discrepancies noted for the comparison based on x/D. The 
method of reference 1 was developed from a' comprehensive investigation 
of errors ahead of pointed -nose parabolic-arc bodies of revolution having 
identical thickness distributions; therefore, it is of interest to test 
the method with typical high-speed airplanes which have widely varying 
thickness distributions and which cannot be considered true bodies of 
revolution. 

In reference 1, the static-pressure error multiplied by the square 

of the effective fineness ratio Z^/qcCl/D ) 2 was shown to be dependent 
on the ratio of distance ahead of the nose to the effective fuselage 
length x/Z. This comparison was made for Speeds below body critical 
Mach number and for speeds corresponding to the peak static-pressure 
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error (static-pressure error Immediately prior to the passage of bow 
shock wave). Above body critical Mach number, Z^p/q^Z/D)^ is compared 
with (z/d)^(M - l) for various values of x/Z. 

The data for the present test airplanes were compared by these 
methods and showed good agreement below body critical Mach number and 
at peak: static-pressure error. Between the critical Mach number and 
the Mach n umb er for peak static-pressure error, the comparison based 

on (z/d) 2 (M - l) showed poor agreement. 

Because of good agreement of the data for all airplanes based on 
x/z, at speeds below body critical Mach number and at speeds corresponding 
to the peak, static-pressure error, a comparison on this basis was made 
over the entire Mach number range. The results of this comparison are 

shown in figure 18 for the variation of ( Z/d) 2 ZM with x/Z. To make 
a more direct comparison with figure 17 , AM has, been substituted for 
Ap /q^, in figure 18 , the two quantities being interchangeable at any 
given Mach number. The quantities d, Z, x/d, x/z, and Z/D for the 
test airplanes of this investigation are shown in table I. The effective 
fuselage length Z is defined as twice the distance from the nose to 
the maximum fuselage diameter. The good agreement over the Mach number 
range is evident; the two airplanes (D and P) which showed the poorest 
correlation with the other airplanes when based on x/D correlated well 
in figure 18. It appears that static-pressure errors for airplanes with 
practically any type of fuselage nose shape can be related on the basis 

of ZM( z/d) 2 and x/z. However, figure 17 indicates that for airplanes 
with neither extremely pointed nor extremely blunt fuselage nose shapes 
static-pressure errors can be related to the simple parameter x/D. 

Method using x/d .- Reference 1 also presents data for static- 
pressure errors ahead of open-nose air-inlet bodies of revolution. 
Static-pressure error was shown to be dependent on the ratio of distance 
ahead of the inlet to inlet diameter x/d. The variation of static- 
pressure error with x/d for the six test airplanes with nose inlets 
is shown in figure 19 . The correlation is not as good as that shown in 
figure 17 for the comparison based on x/D. It appears that the method 
of reference 1 for dete rmin ing static -pres sure error ahead of nose inlet 
does not apply to static-pressure error ahead of typical airplane nose- 
inlet configurations. 


CONCLUDING REMARKS 


Measurement of the static-pressure errors of 17 nose-bocm airspeed 
installations indicates that: The magnitude of static-pressure errors 
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for the airspeed installations of all the airplanes is shown to vary 
with airplane geometric characteristics which include nose-boom length, 
fuselage diameter, and nose fineness ratio. The static-pressure errors 
for airspeed installations of airplanes with neither extremely blunt nor 
extremely pointed nose shapes correlate well with the ratio of nose-boom 
length to effective maximum fuselage diameter. The magnitudes of static- 
pressure errors vary inversely with this ratio and increase considerably 
as this ratio decreases below about 1.0. 


High-Speed Flight Station, 

National Advisory Committee for Aeronautics, 
Edwards, Calif., December 12, 1956. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE TEST AIRPLANES 


!fype of pitot- 



M 

c 

N 

c 

0 

« 

c 

P 

c 

Q 

c 


X , ft 

D, ft 

5.34 

4.14 

10.0 

5-5 

6.7 

5-5 

5-77 

5.25 

6.0 

5-83 

4.71 

5.53 

6.85 

6.16 

3-24 

4.29 

8.62 

7.2 

8.62 

7.2 

2.75 

4.6 

2.75 

4.6 

3.19 

4.7 

4.73 

5.0 

4.75 

5-0 

5-7 

5.94 

H 

O 

• 

1— 1 

9 


l , ft 

x/D 

16.0 

1.29 

18.0 

1.82 

18.0 

1.22 

20.2 

1.10 

27.3 

1.03 

25.4 

.85 

36.6 

1.11 

12.6 

.76 

36.2 

1.2 

36.7 

21.0 

1.2 

.6 

21.0 

.6 

19.2 

.68 

24.4 

•95 

24.4 

• 95 

80.0 

.98 

40.6 

.78 



.19 5-94 
.26 2.94 
.24 5.03 
.23 5.10 
.13 4.56 
.13 4.56 
.17 4.08 
.19 
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(c) NACA high-speed, pitot-static tube (ref. 9 ). 

Figure 1.- Drawings of airspeed tubes used on test airplanes. All dimen- 
sions in inches. 
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■■■■■BIB 


■■■■■■■■■■■*■■■■■■■■>■■■■■ ■*■■■■■ ■■■■■ii EiiiiMMMKBaiiMiiiiiBMaiisiiiiiKiiaiiil 

■■■•■■•■■■■■■•■•■•■■■■■iaxiiimiiniVni 

sallEaal 

■ iiiBBBai iiiiiiBiiiiiiiiiiMiiiii iiiiiil Miaikiii iiiiii aiaiiiia 

■ ■■■■■•■■■■■■ ■■■■■■■■■■■■■■■■■■ miiBiii ■■■■■■■■■■■■■!■■■■■■■ tail 

■ ■•■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a ■■■*■■*11 - - - 


E liiiaivaaiaaiaiiiiaaRiiiiiMiHiiHiviiaiiiiiiHiaiiiimiij 
■BBBBBfcaaiflBBiBiaBBBBBBBBBBBBI^BBBBBBBBa«aBBBBBBiaBBBBBBBBBJ 

■ ■jiiaiifliiiiMiniiiiiiiiiiiiiiaiiiiiiiiiliiiiiiflailiiiiiiiil 

■ a ■ ■ ■ ■ " * 

I ■•■■■■■■ ____ 

BiiaiiiiRaniiiaaiiiiiiMiaiiuMRiHiitiuii 

■■■■■■■aita*iaaiiiiaa«aaaiaiiiIKEaa«i|t 

a ■ ■■■ a ■ ■■ bbb ■■■ a ■ ■■■■aaaiaaaa a ■■■■bbb rim ■ m ■ a ■pjaal B ■■■■■■■■« E I ■ 
■ ■BiBMRiiBiaaaMiaHiaiiaBiaiaaaaaRiaaiiaRBaifaaiaikiBBaaf (Jiai 



I ^HBHBBBB BBHBBBBB BIIBIIIB 

HBBBBBBBBBBBBBIBBBBBBI BBItBIBIBBa 


|aiaiiBsiiiiiiaBiii(aiiaiaiiaaBHRiiiiiBRiaiaiiiillV 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ BRaBBiaaiBiii bbb 

B ■■■■■■■ B ■■■■■■■■■■■■■•■■■■ BBB ■■■■■■■ B ■■■■■■■■■ ■■■ 

jiiaai ■ b ■■■ ■ aBflfl bbbbbbbbbbbbib b bbbjbbb b b bb bbbbbbibb 


1!e| 


|uaiBBBBfliaBBaiaiBiBBiBiBiaflBBBiBaflaaiaaflBflBBBflaiaiaaaflBflBaaaaaiaBflBBBBB«aasiiaiaBaaaaaii|i|iia 
lBiBBBBaaaiaflBBBaiaaiBaiBaflBBaaiaiiiBiflflBiBaiiiliiMBBBBaiiiBBBiiBiBaaiiBa|flflaa ■■BBiafe bbibbIb 
IfliBaaBBBaBBBBiflBaBaaBBiflaaBaaiiBaaBflifBHaaRiiiBiaaaaaBiiflBflflBBiiaaBflBiaBiaBaiaaaaaiiaRBaiaRavii 
■ BBBaBBBBBBBBMalBaBBBBBBflBBBBBBBaBBaBB BBBBBB Bl ■ BB B BIB ■ BBBBB B BBBBBBB BBBBBB BBBBBMBB BBBBBB > ■ BBBB 1 ■ flafft 
liiiiBaBBaBflBBaaiBflBBaiaiaiiiRflaBiBBaaiiaBaBiaiBBflBiaBaaBBiiflaaiiiaBiaBaaaaiaiBBaiiBBBaiflBiBliiill 


^^aaaaBBB|m 

IBBIlHaBIHflliaaBBia IBBBBBBBaBBBBB BVaBBBfl IfllBailRBBBBBBf'^lIBBBBBlIBBBBHBBBBBEBaBBBB B BHai|BBflBaaBIBBIBPIBl 
BBBBBBaaBBaiBflBiBBaBaBBBBiflBBBBaBaaBBaaaiflaiiaiBBBai^BBBBBBaaaBBBiB«BBiBaBiaBBBafi|iliiBaBa«BBiiiiiBl 
a laBBBBBBiaRBBaBiaBIflBiaaaBBBIBaiBBIBBIUBBBaaaBBf ! i'BBBB ■■■■■■■ BBB ■■■•■■■ ■■■■■■■■■•■■■■ BBaaililaaifla I 
M*aBaaUMMaHMMaMMHMMMMMMMMMMMB^BBBBBBBBB«BBBBBBBBBBBBBaaBBBBBtlBa«BBBBBaBBBBaaiBB|l 

aBRBiaBaiaaalBflaaBaaiaaBaiaaaaaaaiiiBllaaiaiaaBl| 


■HHifllflllRiaRflBaiaBIRRRBBIBBflBlaaalBBflRaflflBBBaaBBBaaaB'^IJ'iBBURaBBBaRIlBBBBlRBIlaB 
lBBfl(IBaBI(la»BRIiaBiaiBiaaflBaBIRaBBBBIBaaBBBBRaBBiaial;>BBiaaBRRaRaaRBBBBIMHM|B 
n| a BBBiRaiiBaaaaBflflflBRiBiRBiBiaiaiiiaBa*BBR!l;aBaRiaiRBi>iiaiiiiaj 


iBBBBBBflBniRRaafliailiiiiaaRaaBRiHaRaBaaBRiaHI 
I BHBBBaaBBaaaiflaBaBBaaaflBiBflBia bbbbbbb bbbbbb ■■ bbb 
iBHBBBBBaBBaaaBaBBBBBBBBflBflBBBBBBaBflBaaBaBBBBaaaiji 


■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBB BBX7 > BBBBBBBIBBBBJI B B BBBBBBIBBBB B BBBBBB BB ■ BBBBl 




.BBBBBBBBBBBBBBBBflBB 




■BBBBBflaBHBBIBIBBBBaBflBBBBBflBflBBBBa iBBIBBfl7'< v .BaBKBBBBBBBIBaBBRHaBBflBBBVBBNBI BBBBaBBIBlBBaKIBBBBBlllli 


HaiaaiaiiiaiiiiiflflBiiiiii'WiaiiaaBiiRiBiBBiBRBiiiiiBia 

H|B fl MaBBBBBflBBBMIBKaBflflBM iMBBBBBBBBBBBB BBIBRiB BBBBBB ■ B I 

BiBTHEBBB I BBB ■ BBBBBB B BB IIBBB*i*;BlBBBBaB IBIBBB B BBBBpBBBBBBBBBBj 
Bl ■IBaaBBaBIBBBBBialBBIBBBIBB^aH aiBBBBI aaiBia a IBBBB a IBB a BBBBMh 
B iBiaanBBBaBaa»aBBBBBaiiaui a hbbbbb laaaain aaaaai aaflaaaadl 
■■Baiiaaamiaaaaaaaaiiiii^iBiaaiiiaiiBBBBfliB aaaia a ■■■■■■■■■■ 
BiaaaaaaBBBaiaaaaBBBBBBarrBaaaaaBBBaaBaBaBBa ■■■ b bbb bbbbbb bbbb 
■ ■bbbbbb a bbb bbbb aaa M bbb i r . LiaiBaiBBB a b b a bb a a a aaa a b b a aaa a a a a aa B | 
H «JSS 81 BBB BE BBB! B ta»H»taBBBB^OBBNBB« BBBBBB ■■■■■■■■■■■■■■■■■■■■ ■■■■£ 


o Raciar calibration 
□ Fly-by calibration 


mm 


■■■■■■■■■■■■■•■■■■■■■■■■■■■■■■■■■■■a 

■ BBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBB 
■ B BBBMMBMflBBBBBBBBfl0BBBBBBBBBBMBBBBB 
!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■«■■■■■ 
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■ ■■■■■■■ iiiiiaiiiiiin 

bbbbbbbbbbbbbbb ■■■■■■■■■■■■■■«« ■ xiaiiiaiiiiii 
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■■■■■■iiiiiiiiiaaiiaaaiiBBiiifiiiiiiiiiiiiiii 




aHaii«i>aiiiaaaaaaaaaiaaanii»«i»... — 
laiaaaaaiaiiiaiiaiiaaiiaaaiiiRaiiaaaaaaaaiiia 

■aaiaiiaaiaaaaaaaaaa aaa 

|B g a a a a a a ■ a ■ a a a a a a * a a a mHaaumaaaaaaiiiii 

IliAAAAAiAIAAAAiiiiiSiiiSiiiiiiiiiaiiiiiii 

aiaaai. ....... aaaaai.a 

iimmmaiuuiiiii 

MMHNMPVMMVHPPMPMHK 

■ iiniiiiiiiiiaiiiiiiiil 
aa ■ a a a a a ■■■■■■■■■■■ a aa ■■ 
aanaaaaaaaaaaaaaaaiaaai 
■iiaaaaaMa aaaaaaaaaaaaa 

BBBianaiiaaa HI 
BBaiaiiiaaaaaBiiBiaaia ■■■■■■■ 
■■■■■■laiiaiiaiaaiaaaaaiaaia 

■■■■■■■■(■■■■■■■■■■■■■■■aaii 

[laiiiiiii aaaaaiiaii ■■■■■■■■■ 


■■aiiaaaaiiiaiiiiiiiiaiiiiiiiaaaaiBaaii 

aiiiaiaaiBiiaiaiiaaiaiiBiaiiaii|flBaai» Ba r=z: 

aaiaiRaiaiBiBBiiiaa»- B -z==».«aiaiiiiiBBaBfl 

■ aaiCajiaaBaaiaiiiiiiaiaiaaiaaamaaaaaaiiaai 
BiiiBBaiaBBnaiBaaBiBiaaimaaBBiBiaaiHiiflBB 
SiaBaRlBiaiiaaaaaaaiaaaiRiiaRaBaiaaaaiaaaaiia 
■■■aaaiiariiBBaiBflmaaBiiiiHiBHBaaiaaaaaaBi 
liilRiaBRBaiaaBaaaiaaiiafiliaiaiiaBRiaaiaaaBBi 
BaiaaaRaaiaRaiBaaaRaaaaaiiaaiiaiRiiRaaiaaaaaR 



BaaaBaaflaaaBaiBBBiaBflBaaiaaaiflBBaaaaaaiiBiiBB 

aaaiiaiiBB*iiiiBRiiaaaai«aaaRBBBBaiBaaiiBBBai 

■ ■■■■■■■■■■liiiBiiiiaaiiiimaiiiiiiiiiiaaiii 
aaaBaBaaaaaaiiiiRBiiiaia ■■ ■■■■■■aim iiiaiaii 
a a aaaa aa a i ii ■ a a a aa a a aaa ■■ ■■ Baa a a a a aa ■ aaa a a ■ a a 
BBaiiaaBBiaa aaaaaaaaaaaa laiBBBBBiBiaiiiiaaaaa 
aiHBaBaaiaaaaaaaaaaaaaiiaiiaaaaaaiaaiflaaaaaa 
a BBiRBBaaaia a ■■■aaaaBRaiaa laaaaaaaaaa aaiaaaaa 
auiiiBaiiaaaBaiiaaiaiiaaaaiiiBiaiiiifaiiiiii 
■BBBiaaaaaia ■■■BBaaaaaiaBBBBBBBBaaa ■■aaHBBiai 
aiiaaaiBaaaaaaBiaBaaBHiflaaiBiaiiBiiiiaaiiaaa 
BaaaiaaBliaaaaafliflBiiBii laaiaBaiaaRaiaaiiaaia 
aaaaaiaiBaaaaaaaiiaaBaaaaaaaaaaaaaaafluuyuMUi 
iRBiaaiiiiaiaaaaaaiiiaiiaiiBiBBBiBiaNMHH 
■■BaaBBiBia flaaaaaaaaB ■■■ BaBRBBBBBaiaaa a aaaaaa 
BBIflBafllBIRBflBaaBBBBBailBBBBBBBBIBIIBI IRBBBBH 
HBiiiiiaaBiiaaaaaiaiiiiiiaaBiaBaaiiiaaRRBBBBB 
BaiaBaaaanaHiaaaaiaiiBaaaaaaaaaiaiiiaMHiBai 
BBBaBiHiiaaaRaBRaaaaaiaaaiiaBRRiiRBRaiaRRBaBR 
BBBBBaanaRaRRRRaBBiiiaiflaiiaaiaiiiiiaiHiHRiB 
BBBBBBia HaBBRaiRBIBaiBlBRBBBlBBaillRBHHHHBRaa 
flflBflaaBlliaBRaiBBBBRBVBRHRBBBBBaflaBIIHHBBRlII 
IHflHBIIVRHRBBIBRBBBBIBBBBBBBBIBaiiaBaHaBBBBBB 
aBBflaBaaaaaaiRflBBRHRRHflRaaHaaaiiaiRRBaaiBiaBl 
flBaiiaiaRiaiiRiBHfliflBaflBBBBaaaaaiiiiiiRRRaia 

■■■Baaa ■aaHaBaaBBBiBBBBBBBBBBBBi a aa a a a a a a a a a a 

flflBBRBaaiBBiiiRHHBBaaBiaaBBaBBB ■aaaaBBiaaBiai 

BBBBBBBIlIBBlIBBflaBaBBBRaBBBBBBailBIRiaaaaiB I 

BBBBiBiiBBaBflaaaaBaaBaHiRaBaBaBflBBaaaaaaaaiu 
BBBBBBBB RBflBBBBBRBBBBSBRBBBBBBBa B RBB BBBBBBBR I 
HIHHRRIBBIIIBIBBBBalBa BBBBBBBBB RBBBBBBBBBBBBR 
aaa aaaa BaaBaaaflBBiaBB aaa BaaBBaa ■ laaaiaaBBiiii 
laBBiBaflBBBaaaiaflBaaiBBaaaflBBaiiiaiiRiBBHHaaiB 


BBlRRBliaiRBBBBBBliaiBBaBBBBBaiiaiaaaaBaBlIIB 


BllfllllBaBIfllBaBaiiBaaBBBBBBIlBBBBBflBBBBfliaiV 
aBaBaaaRaaBBRRBBaiaBBaBBBBBaaaaiRBRHaaaaBarzj 
BBiBBBBauBaaaBflaiiaRHBBBBBaBBBflBBBBaaaifyza 
BBBBaBBBRBaBBBBaBBaiaaBaailRaaBBBBBBaaBBaaiBB 
■BiaiBBBBBBBBBHRI ■IIIRHHHflaBIBBIBIBBBaiCT'iill I 
■BBHBBaRBBBBBBBBB BBBaBBBBBBIIiailBBflHHRa^aa I B 
BiHBBBBBaaaaaaaRBaaaBBBBaBB aaaa aaaaaBFvaa aaaa 


BB BBBBBBBBRBBBBB flBBBBBBBBSBB BRB BBBBBZZZ 1 RBBBBB B 

■BaaBBBaaaBBflflaaflaaaaaRBBBBfliifaaaBi.jiaflBBBiaa 

■BaaBaaRaaRaBBaBBBaaBaBBaiaiaaaaaaraaaaaHiaaa 

aaaaBiBaaaaaaaaaaiiRflflBRRaBiBaaaarflaaflaaaaaai 

laflflflBBBaiBiiiiifliiiiiaiiiBfiaiaraBBiiiRUBBBi 

■flaBiiBiBiiaaaaaaBBaaBBBBBBBaa>.;TaaBiBiaaaaiBi 

BflBiBaBBBBBBiaiBBiBBflaaaaBiBaBr.-flflBBBaBflBBflaa 

aBBBfliflBflBBaaiiRflflaaiiflBaiaiBf.dBBBBBiiaflaaii 



aiBaBifliBaiRMaiBfliBBBBiirai aaaaflBBBBBaflBBaai 
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laBBaaaaiBaBBBiaaaBaaRNBaRiaaaaaBaaBaaflaiaBBBa 

liBaBaBaRiiiiiflRRiaRa'^aaflBBBBBBflBflBiiiiiifliaa 



IflBBBBBBBBBflflflaaBaa'iaBaiiflaaaaaflaflflRflBBaaaaaaa 
lBaaaBaaBBaiaaiai;a'4aflBBaiaiBBaaBaaaiBaaaflBiHHH 
■BaBBBBBBBBBaBBBB^aaaaaaaaaaaaaaBBBBBaaaBBBBBa 
|BBBBaBaaaaBBBaBcaaaaaaB«aaaaaaBBaaaB«RaaBaaBB 
laBBBaiaBISBBflB^BBBBBflBflaflBBflaflflBflBBI fllBHiaBBB 
I BBBBBBBBBBBBBS 4 BBBBBBBHBBBBBBBBBBBBBBRBBB Rflflll 
iBBIIiaaflllBI ilflBflflflBBlIBBBBflBBBfllBRBiaiBBflBBBB 
laaflBBBflflflflB^aBflaBlIBBIlflflflBBBBBBBIBBBBBaflaaia 
IIBBIBIV 4 BaBBBBBBBI«fliaillllBRBBB(BIBaiaiBB 
HnBBBaa*a BBBBBBBBBBBBBBBBBBBBBBaaRB aa a a bbbbb 
I a ■ BB BB T Jf 4 B BBBBBBBBBB BIB BBBBBBBBB B aa a BB ■ a B ■ a B 1 
IBBBBBBI i B iBBIBBBBBfllBaaHBBBBflBBflBaflRBflBflflflBBfl 
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Figure 1^4- . — Static -pressure errors for airplanes N and 0. 
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! ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
HHHimmiiiannimuiiniiniaiiiiiii 

BiBiiimiBNaiBiiHiiiBiaiRniiniBiBiaaii 
B1BIBMBBBIBIBIBBBIBBIBBBBBBHIBBB BBBIIBIII 
■ ■■lllllllfllflllRIiaiBIBHIBIBIBIBIBIBBBIII 
■ BBBBBDBBIIB ■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■!■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■!■■■■■■■■■■■■■■ 
■■■■■&■■■■■■■ ■ ■■■ «■ ■■■■■■■■■■■■■■■■•■ ■■■■ a 
■■■■■■■■■bbbbbbbbbbbb ■■■■■■■■•■■■■■■■■■■■ a 
■■■■■■■■■■■■■■■■■■■■■ ■■■■■B ■■■■■■■■■■■■■■■ 
■■■■BBBBBBBBBBBBB ■■■■■■■■■■■■■■■■■■■■■■■■■ 
BBBBBBBBBBBB ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
HB ■■■■■■■■■■■■■■■■■■■■■■■ iBiBiaaiaiaaiBqia 
■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■*"!:=-*■ 
■■■flaBUflaBiiaiiiiiflBaiiiBaii>”:=kaiiaBaBaB 
■bib ■■■■■■■■■■■■ ■■■■■**?— ar«aBiBaaaaaaBBaBaB 
■ ■■■■■■■a laaiBaiaflaiaHHaHMHHBHHHB 
■■■■■■■■■■■■■■■■■■■■■I 

la BB HB ■■ ■■ B a ■■ B BB BB 
■■■■■■BBBB ■■ BB ■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■ 
BBIBflBlflBB BBBB ■■■■■■ BBBBBBBBBBBB IBBB BBfllBB 

E ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■!■■■■■■■■■■ ■■ 
!■■■■■■■■■■■■■■■■■ ■■■■■■■■■■ BBBB ■■■■■■■■■■ 
bob aaaBaBBaaBaBB ■■■■■■ aa ■■ aaaBaB ib aBBBaB mb 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
BBIBBBBBB ■■■■■■■■■■■■■■■■■■■■■■■■■■■!■■■■■ 

BBBBBIflll BBBBBBBBBBBBB ■■■■■■■■■■■■■■■■■■■■ 
IBB BIB BBlB BIB BBBB BBIBBBBBB BBBB BBBBBBBBBBBB 
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Figure l6.- Static-pressure erro 
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